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SDS/DTAB 和 SDS/Gemini 表面活性剂复配体系所形成的囊泡形状是不相同的，

























Vesicle is composed of crust which forms from closed unimolecule-bilayer that combined 
with monolayers of two amphiphilic molecules in tail-to-tail orientationally, and 
micro-hydrofacies that is contained within the crust. Generally speaking, the surfactant which 
has big polar head-group and two flexible chains can spontaneously form vesicles. Though 
most of surfactants don't have such molecular structure, vesicles can be formed spontaneously 
in surfactant systems of mixing two surfactants because appropriate molecular structure 
formed when join two head-group together (such as attraction of cationic and anion 
surfactant). At present, theory of “Packing Parameter (P)” and transmission electron 
microscopy (TEM) are widely use in mixed surfactant systems to study properties of vesicle, 
but there are few study in kinetics and mechanism of vesicle formation.  
Gemini surfactants are made up of two amphiphilic moieties covalently connected by a 
spacer group, and represent a new class of surfactants. According to lots of papers, the nature 
of the spacer group (length, flexibility, chemical structure) has been shown to be of the utmost 
importance in determining the solution properties of aqueous Gemini surfactants. So they are 
attracting considerable interest in the academic and industrial communities working on 
surfactants. In this paper, we study a kind of Gemini surfactants——quaternary ammonium 
Gemini connected by the space chain of (CH2)S. 
A combination of stopped-flow, transmission electron microscopy and dynamic 
light-scattering techniques has been used to study the process of SDS/DTAB and SDS/Gemini 
mixed surfactant systems, and the mechanism of vesicle formation, comparison has also been 
taken between these two different vesicle systems. There are three sections in this article. 
Firstly, stopped-flow technique combined with transmission electron microscopy and 
dynamic light-scattering techniques has been used to study the kinetics of vesicle formation 
and breakdown as well as the mechanism of vesicle formation and breakdown in SDS/DTAB 
aqueous solutions. The kinetic analysis shows that the process of vesicle formation lasts for a 
long time. However, the activation energy of vesicle formation is not too high, which implies 
that the control procedure of the process is independent of activation energy. In contrast to 
the process of vesicle formation, vesicle breakup to mixed micelles appears to be a rapid 
process. The result of dynamic light-scattering technique shows that the accretion of vesicles 
appears to be a periodical change of “monodispersity→polydispersity→monodispersity”. In 
addition, micelles、 flexible stick-shaped aggregates and orbicular vesicles have been 















sequence of distinct processes: mixed micelles → flexible stick-shaped aggregates →
non-equilibrium vesicles→ equilibrium vesicle system, and the evolution of particle 
dispersion degree appears to be a periodical change of “monodispersity→polydispersity”. 
Secondly, the mechanism of vesicle formation in SDS/Gemini aqueous solutions has also 
been studied. The kinetic analysis shows that the process of vesicle formation appears to be a 
rapid process, indicating that cationic and anionic surfactants micelles directly form vesicles 
by inosculation. The result of dynamic light-scattering technique shows that the size of 
vesicles changes little as time past. The particle dispersion of SDS/12-3-12 system is similar 
to SDS/DTAB system appears to be a periodical change of “monodispersity→polydispersity”; 
whereas 12-6-12/SDS system appears only polydisperse. Non-orbicular vesicles have been 
observed by TEM, and as the spacer chain length is increased, the configuration of vesicles 
looks like the shape of “blob”. In conclusion, the process of vesicle formation was speculated 
as follows: cationic and anionic surfactants micelles inosculate→vesicles→large vesicles and 















































般为 30nm~1μm，据报道，也有达到 20μm 的巨形囊泡[6~7]。 








图 1.1   双分子层（A）与单室囊泡（B）

















       
 
大增性极                             极性增大 
























































（1）透射电镜    
透射电镜是最直观的一种方法，利用这种方法可以直接得到各种囊泡的照片，其缺
点是费用高且操作复杂。 














































(3) 反应微环境[20~21]    
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的表面活性剂。尽管在 1977 年 Kunitake[10]的成果就表明具有双链结构的双亲分子可以
形成囊泡，随后有关这方面的许多研究也证实了这点，但是这些体系都需要对其进行超
声来形成囊泡，而且所形成的囊泡体系并不稳定。 
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